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Details 



1. Title of Invention 

Method of Fabricating EL Display Device 

2. Area of Claims 

This is fabrication method of: EL device where: 

- first electrode and first insulator layers are made on electrically insulator substrate, 

- then, luminescent layer of such materials as ZnS:Mn or ZnS:TbF3, or a combination of 
this type of luminescent layer and second insulator layer is formed, 

- then, conductive thin film transparent second electrode is made. 

The process of this invention includes: 

- Ceramic substrate is used as electrically insulating substrate, 

- first electrode with required patterns is made by thick film process such as screen 
printing, 

- first insulator layer is made by painting paste of high dielectric material and sintenng, 

- luminescent layer or a combination of luminescent layer and second insulator layer is 
made using thin film process such as vapour deposition, sputtering or CVD technique. 

3. Detail Explanation of Invention 
(Application Areas of Invention) 

This invention relates to EL (electro-luminescent) device which is used for flat display 
or surface light source, and to its method of fabrication. 

(Prior art and Problems) 

Since the discovery in 1936 of electro-luminescence, the phenomenon where light is 
emitted by applying electrical voltage to fluorescent materials, numerous research and 
development efforts have been made in order to apply this technology to surface light 
source and display equipment. Many types of structures of EL device have been 
presented and evaluated in the past. Today, thin film EL device, with thin film 
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insulator inserted, driven by AC current is being used in various types of display 
equipment because of its brightness characteristics and of its stability. Typical basic 
structure of double insulator thin film EL device is shown in Fig. 2 (S 1.D74, Digest of 
Technical Papers p.84). It has multi-layered thin film structure on transparent glass 
substrate 21: transparent electrode 22 of ITO or nesa film, thin film first insulator layer 
23, thin film luminescent layer 24 made of thin film fluorescent material such as 
ZnS:Mn which displays electro-luminescence, thin film second insulator layer 25, rear 
thin film electrode 26 of such material as Al. First and second insulator layers are 
transparent dielectric thin films of such material as Y2O3, Ta205, AI2O3, S'u'i^A, BaTiOa, 
or SrTiOs. They are formed by sputtering or vapour deposition method. 

Such insulators will control the electrical current which flows through luminescent layer, 
and contribute to the stability of EL device and improvement of luminescent 
characteristics. They also improve the reliability of EL device by protecting the 
luminescent layer from contamination of moisture and hazardous ions. 

However, there are several problems in practical applications of this type of device. 

It is difficult to eliminate insulator breakdown completely over large area, profit margin 
is low, and high voltage is necessary to drive luminescence because of the voltage 
across the insulator layer. In regards to the problem of insulator breakdown, the 
solution depends on the use of insulator layer material which has good characteristics 
for resisting high voltage. 

With regards to driving voltage problem, it is preferable to increase the capacity of 
insulator layer in order to minimize the voltage division to insulator layer, According 
to behavioral principles, the current which flows inside luminescent layer is almost 
proportional to the capacity of insulator layer. Therefore, to increase the capacity of 
the insulator layer decreases the driving voltage. This is also a problem in increasing 
the brightness of luminescent light. 

Materials with high resistance to high voltage, and with high capacity are required for 
insulator layer. 

For this reason, index, dielectric constant (I) x insulation breakdown electric field (Eb. 
d), is being used widely to evaluate desirable property of insulator layer materials. 
Here, necessary value of E, Eb. d for practical application is at least 3 times that (about 
1.3 ixC/cm^) of ZnS luminescent layer (IEEE Trans. Electron Device ED-24, p.903 
(1977)). If the insulator materials has very large Eb.d value, it is possible to use very 
thin film to make the insulator layer whose capacity is large even if Z is small. 
However, it is practically impossible to eliminate all very small dirt and particles on 
wide surface area - this is what is required for display equipment or surface light source 
equipment. Therefore, it is not suitable to use thin insulator layer less than several 100 
A thick. 
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Based on facts discussed above, possibilities of using high dielectric thin film has been 
researched. For example, luminescent device driven by low voltage using PbTi03 film 
formed by sputtering as insulator layer has been developed (IEEE Trans. Electron 
Devices ED-28, p.698 (1981)). PbTiOs film made by sputtering shows insulating 
resistant voltage of 0.5 MV/cm with max. dielectric constant of 190. However, high 
temperature of approximately 600 °C is necessary to make PbTi03 film on substrate. 
This is not practical. SrTiOs film formed by sputtering is also known as material with 
relatively good s • Eb.d value (Japan Display 76 (1983)). SrTi03 film made by 
sputtering has dielectric constant of 140, insulator breakdown voltage of 1 .5 - 2 MV/cm 
and I • Eb.d value is 19 25 |iC/cml This value is better than the value 7 [xC /cm" 
of PbTiOs. However, SrTiOs also requires high substrate temperature of 400 °C at 
film formation. This material also has another problem in application that it discolors 
ITO transparent electrode by reduction to black during sputtering. 

Thin film EL device, which uses insulator layer of relatively high dielectric constant, 
not only has poor adhesion to ZnS luminescent layer, but also when insulation breaks 
down, breakdown will not terminate with small broken holes and will automatically 
recover but insulator breakdown will propagate and become impossible to repairable. 

It is practically impossible to accomplish low voltage drive, high brightness and 
stability against insulation breakdown using thin film of high dielectric insulator layer 
and high value of Z • Eb.d. 

It is necessary to use alkaline-free glass substrate which has high melting point since it 
must be heat treated to stabilize and improve properties of EL device. This causes EL 
device to be very costly. Moreover, the process temperature will be limited to lower 
than 600 ^C. 

When the relative resistance of ITO film is not sufficiently small, and thick ITO film is 
used, insulation breakdown tends to occur near the edge. Therefore it is necessary to 
make the thickness less than 0.2 |i. Then the electrical resistance will not be small 
enough. Fabrication of large surface display panel with large display capacity becomes 
impossible. 

As discussed above, material cost of conventional thin film EL device is very high, 
material efficiency is low, and expensive driving circuitry with high breakdovra voltage 
is needed. This makes EL device very expensive and making large screens is difficult. 

(Purpose of Invention) 

The purpose of this invention is to offer solutions to many problems of thin film EL 
device which is made from many layers on glass substrate. This invention offers 
highly reliable EL device of high brightness driven by low voltage. 

(Structure of Invention) 

By this invention, EL device, where first electrode and first insulator layer are placed on 
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electrically insulation substrate, then luminescent layer of such material as ZnS:Mn or 
ZnS:TbF3, or a combined layers of luminescent layer and second insulator layer, then 
transparent thin film conducting 2""* electrode are placed, ceramic plate is used as 
insulating substrate, and following processes are included: 

- first electrode with required pattern is fabricated using thick film process such as 
screen printing, 

- first insulator layer is made also using thick film process where paste of high dielectric 
is painted and sintered, 

- luminescent layer and second insulator layer are made using thin film process such as 
vapour deposition or sputtering CVD. 

(Detail Explanation of Structure of Invention) 

The basic structure of EL device fabricated by the method of the invention is shown in 
Fig. 1 . It has basic structure on surface of such ceramic substrate 1 1 as alumina: 

- thick film first electrode 12 of required shape including such material as Au, Pd. Ng or 

Ni, 

- ceramic structure made ceramic first insulator layer 13 of high dielectric, 

- thin film luminescent layer 14 of such material as ZnS:Mn, SnS:TbF3 or ZnS:Sm F3 
made by such process as vacuum vapor deposition, sputtering, CVD or ALE, 

- Ta203thin film second insulator layer 15, 

- transparent second electrode 16 made of ITO thin film, nesa [glass] film or thin Au 
film. 

Thin film second insulator layer may be omitted. Luminescent layer and second 
insulator layer formed by vacuum vapour deposition or sputtering method are similar to 
those of ordinary thin film EL device. Ceramic structure portion, where thick film 
electrode is buried in ceramic layer of ceramic substrate and high dielectric ceramic 
layer, is included in this invention. The fabrication method of this invention is 
characterized by the fact that it is done using thick film process. 

Such ceramic substrate as alumina is low cost and is thermally stable. 

Required first electrode patterns are made on such substrate using thick film technology. 

In EL device, the section where luminescent part is sandwiched between first and 
second electrodes becomes the light emitting display section, and electrode functionally 
plays both roles as display electrode and as electrical current supply source. Therefore, 
according to each display equipment different electrode pattern is required, and it is 
preferred that the resistance [of electrode] is low. 

The process of making thick film electrode by screen printing metal conductor paste is 
suitable for this purpose. Any required pattern can be made with low electrical 
resistance. For ordinary display equipment, fine electrode patterns are not necessary 
and screen printing method is adequate. When finer patterns are needed, it is possible 
to make thick film fine electrode pattern using photo-lithographic technique. High 
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dielectric ceramic insulator layer will be made on substrate as first insulator layer. 

High dielectric ceramic insulator layer may be made using thick film technology using 
such powder as BaTiOs powder and glass powder as main ingredients for paste. The 
dielectric constant of thin film insulator used in ordinary thin film EL device is 5 ~ 25. 
Even PbTiOs film which has especially high dielectric constant, the value is 100 ~ 200. 
The dielectric constant of several 1000 can be obtained by making it into ceramic 
insulator layer. 

Considering problems in fabrication process and of stability, it is desirable that the 
thickness of ceramic insulator layer is more than several fi and less than 300 |a 
considering the capacity of insulator layer and problems of cross-talks of display 
equipment, it is desirable that thickness of ceramic insulator layer is more than several \i 
and less than 300 \i. 

As explained above, because the fabrication method of ceramic structure is based on 
thick film technology, the cost is low and it is suitable for making large display screens. 
Also, EL device fabricated according to this invention will be stable and has superior 
luminescent characteristics. 

(Embodiment) 

Pd paste was screen printed (0.3 mm wide and pitch of 0.5 mm) on surface of alumina 
substrate,. It was then sintered to make striped Pd electrode. Then, BaTiOs paste 
[normally used] for capacitors was painted and sintered to make high dielectric ceramic 
layer of 30 ]x thick. This is first insulator layer. The dielectric constant was about 
5,000. 

Then, ZnS:Mn luminescent layer of 0.3 \i thick was made by vacuum vapor deposition 
method. This was heat treated for 2 hours at 650 °C in Ar atmosphere. Then, 
TaA10[03?] second insulator layer of 0.3 \x thick was made by sputtering, using mixture 
target of Ta205 and AI2O3. 

Then, ITO film of 0.4 |a thick was made by sputtering. It was etched in stripes of 0.3 
mm wide and 0.5 mm pitch in perpendicular direction to thick film striped Pd electrode 
described before. 

The resistance per unit area of ITO film was low and approximately 5 Q because it was 
as thick as 0.4 \x . 

EL device thus fabricated showed very little voltage drop because of large capacity of 
first insulator layer. Also, crystallinity and distribution of Mn improved because of 
high temperature heat treatment applied to luminescent layer. The luminescence 
showed good characteristics with low initiating AC pulse voltage of 55V, brightness of 
approximately 500 cd/m^^[7] with 80 V and 500 Hz. 



When single sided insulator structure without second thin film insulator layer was 
employed, current used to be large and luminescence efficiency used to be poor but 
initiating luminescence voltage was as low as 40 V and the brightness was 
approximately the same [as both sided example]. The device made in this example 
was stable with no insulator breakdown up to 200 V. 

Similarly good luminescence characteristics and stability was obtained when ZnSiTbFs 
for green light or ZnSiSmFs for red light was used instead of ZnS:Mn as luminescent 
layer. Thus, the effectiveness of EL device fabrication method of this invention has 
been demonstrated. 

(Merit of Invention) 

As explained above, EL device fabricated according to this invention is highly stable, 
can be driven by low voltage and shows high brightness with high contrast. Since the 
electrode resistance can be made low, it is possible to make segment display to dot- 
matrix display with large display capacity [using this type of El device]. Adoption of 
low cost ceramic substrate and utilization of thick film process result in reduction of 
cost compared with that using expensive glass substrate and thin film process. As 
display equipment, cost of driving circuitry is also largely reduced because of low 
driving voltage. The industrial value of this invention is enormous. 

4. Brief Explanation of Figures 

Fig. 1 is simplified cross sectional diagram of EL device fabricated according to this 
invention. 



Fig. 2 is cross sectional diagram of EL device of prior art. 



1 1 ... ceramic substrate, 

12 ... thick film first electrode, 

13 ... high dielectric ceramic first insulator layer 

14, 24 ... thin film luminescent layer 

1 5, 25 ... thin film second insulator layer 
16 ... transparent second electrode, 

21 ... glass substrate 

22 ... transparent electrode, 

23 ... thin film first insulator layer, 
26 ... rear electrode 
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